INTRODUCTION
============

In the portal hypertension dilation of the splanchnic veins occurs, and collateral circulation is developed. This situation may happen with diseases in pre, intra or post-hepatics stages^[@r10]^. Thrombosis of the portal vein or splenic vein triggers pre-hepatic portal hypertension. The hepatic causes can be divided into pre-sinusoidal (schistosomiasis and congenital hepatic fibrosis); sinusoidal (cirrhosis, alcoholic hepatitis, nodular regenerative hyperplasia and polycystic liver); or post-sinusoidal (sinusoidal obstructive syndrome and Budd-Chiari syndrome). The post-hepatic may be due to thrombosis of the inferior cava vein, as well as cardiac causes (restrictive cardiomyopathy, constrictive pericarditis and congestive heart failure), or even pulmonary hypertension^[@r01]^. In order to reduce the venous pressure in this system, dilated and tortuous veins appear, as well as the release of vasoactive substances by the endothelium, which act on the vessels^[@r10]^, and angiogenesis that also contributes to the decompression of the portal circulation^[@r01]^.

The portal pressure in rodents can be measured in millimeters of mercury^[@r10]^ (mmHg) or centimeters of water^[@r02]^. Yokoyama et al.^[@r16]^, evaluating this pressure in mm Hg, found portal pressures close to 5 mmHg in the control group, and when they performed the portal vein partial ligature this pressure rose to approximately 13 mmHg.

The experimental model with the partial portal vein ligature does not compromise the hepatic function significantly^[@r10],[@r14]^, leading to a peak of pressure in the first 24 h, which stabilizes twice as much the initial values after 15 days, with the dilation of the splanchnic vessels, keeping itself stable even after the appearance of this collateral circulation^[@r14]^ with the posterior adaptation to the prolonged decrease of the blood flow through the portal vein^[@r13],[@r16]^.

The effects of the persistent decrease in the blood supply, such as it occurs in this model of decrease on portal vein caliber, have still been studied, with the assumption that structural and functional hepatic changes happen in the mesentery vessels and the abdominal cavity, as well as angiogenesis and adaptations of the microcirculation. The neovascularization that appears near to the hepatic artery acquires similar characteristics to arterioles, becoming compensation via to the liver blood supply. Yokoyama et al.^[@r16]^ confirmed that angiogenesis comes out when there is hypoxia, possibly a crucial factor in this experimental model, but that can also accompany the inflammatory processes and oxidative stress.

The aim of this study was to evaluate whether the initial caliber of the rat\'s portal vein interferes in the appearance of the pre-hepatic portal hypertension induced by the reduction of its caliber to a single diameter in all animals.

METHODS
=======

This experiment was carried out at the Laboratory of Advanced Surgical Skills at Universidade Nove de Julho, São Paulo, SP, Brazil. The general rules for experimental research at the institution are strictly supervised and follow specific protocols^[@r13]^, being conducted after being approved by the Ethics Committee on Animal Use of the University (protocol 0040 / 2012).

A total of 15 animals (*Rattus norvegicus albinus*), Wistar, female, young adult, weighing 250-300 g on average, were divided into three groups of five animals each, and classified according to type of surgery and time to reoperation. Thus, three groups were obtained: group 1 (sham-operated), used as control, and two other groups where pre-hepatic portal hypertension was induced by reduction of portal vein caliber. Five animals were reoperated after 15 days, group 2 ([Figure 1](#f01){ref-type="fig"}), and another five after 30 days, group 3, as recommended by Riquena da Silva et al.^[@r13]^

![A e B) Dissection of the hepatic hilum performed in the three groups of animals; C) assessment of the portal vein diameter with a caliper rule; D and E) affixing the fluoretilenpropilen 22G catheter (Jelco®) with a 0.9 mm internal diameter and a transverse portal vein ligature with 6-0 silk thread on the catheter](abcd-27-04-0280-g01){#f01}

Before and after the completion of the operative procedures, the animals were kept in individual cages with access to water and standardized ration ad libitum, at 25 °C, cycles of light and dark every 12 h. Prior to operative procedures the animals were weighed.

The rats were anesthetized with intraperitoneal injection of ketamine (50 mg/kg) and xylazine (10 mg/kg). Laparotomy was performed and the hepatic hilum exposed. Portal vein was dissected near the confluence of the superior mesenteric vein and splenic vein and its diameter was measured with a caliper rule ([Figure 1A](#f01){ref-type="fig"} and [1C](#f01){ref-type="fig"}). In the control group (sham-operated), the procedure was terminated at this stage and the anterior abdominal wall sutured in layers with 4-0 nylon. The rats remained in the vivarium for 15 days, when a second operation was performed to evaluate the aspect of the abdominal viscera, which did not evidence changes.

In group 2 (15 days) and group 3 (30 days), partial ligation of dissected portal vein was performed at the first operation with silk thread for ophthalmic use numbers 6-0 ([Figure 1B](#f01){ref-type="fig"}). Such partial ligation was possible by means of a fluoretilenpropilen catheter 22G (Jelco®), which has an internal diameter of 0.9 mm ([Figure 1D](#f01){ref-type="fig"} and [1E](#f01){ref-type="fig"}). With the silk thread, partial ligature of vein was performed and the catheter was removed, allowing the reduction of the venous flow to the liver.

After removal of the catheter, the efficacy of partial ligation of the vein was confirmed by observing the increase in the diameter of the vessel prior to ligation ([Figures 2](#f02){ref-type="fig"} and [3](#f03){ref-type="fig"}). The abdominal wall was sutured as described above and the animals returned to the vivarium, where group 2 remained for 15 days and group 3 for 30 days, when they were reoperated.

![Partial ligature with constriction of the portal vein (image made with a surgical microscope)](abcd-27-04-0280-g02){#f02}

![Aspects of different rates of portal vein constriction of the animals: the diameter of the ligature was set at 0.9 mm, regardless of the initial diameter of the portal vein of each animal in groups 2 and 3.](abcd-27-04-0280-g03){#f03}

After these periods of 15 or 30 days, all rats were weighed, anesthetized and underwent surgery to assess macroscopic changes of the abdominal organs ([Figures 4](#f04){ref-type="fig"} and [5](#f05){ref-type="fig"}).

![A) Portal hypertension induced by the partial ligature of the portal vein (arrow) and vasodilatation of the esophagogastric junction - highlighted; B) venous congestion in the territory of the superior mesenteric vein - arrow; C) splenic vein dilatation and tortuosity; D) folded posterior wall of the stomach (highlighted) and dilation of the left gastric vein (arrow), congestion of the splenic hilum vessels, and splenomegaly (animals of group 2)](abcd-27-04-0280-g04){#f04}

![Adherences (highlighted) and neovascularization (arrows) in the hepatic hilum of group 2 animals (reoperated after 15 days); the broken arrows show the portal vein partial ligature performed in the first operation](abcd-27-04-0280-g05){#f05}

The measurement of portal vein below the ligature made in the first operation was performed; the portal vein was cut above the ligature for evidence of blood flow, demonstrating the absence of its complete obstruction. The evaluation of the reduction percentage in the diameter of the portal vein was done with mathematical formula that defines the rate of the vessel constriction (1 - π r^2^/π R^2^) x 100%), where the smallest radius® corresponds to the catheter and the largest® to the animal\'s portal vein^[@r13],[@r14]^.

For each animal subgroup arithmetic mean was calculated, and results later compared through statistical analysis by Student\'s t test, being considering significant p\<0.05. This procedure aimed to prove that even with different constricted rates of the rat\'s portal vein, a diameter of 0.9 mm is sufficient to develop portal hypertension without excessive mortality in the animals observed for 15 or 30 days. These differences didn\'t show to be statistically significant

The calculations of preoperative and postoperative spleen volume were presented by Riquena da Silva et al.^[@r13]^ in 2013. The abdominal esophagus, the stomach, the liver and the spleen of each rat were harvested and preserved for 24 h in a solution of 10% formalin, and then dehydrated with ethanol for posterior histological analysis.

RESULTS
=======

The initial diameter of the animals\' portal vein where portal hypertension was induced was 2.06 mm (1.6 mm to 2.5 mm), with an average rate of vein constriction of 55.88% (43.75% to 64%). Although the initial diameter of the portal vein in the animals of group 2 was on average of 2.06 mm (constriction rate of 55.25%) and 2.08 mm (constriction rate of 56.51%) in group 3 ([Table 1](#t01){ref-type="table"}), it was managed to induce portal hypertension in all rats.

###### 

Initial diameter of the portal vein (mm) and the vein constriction rate (%) achieved by reducing the diameter to 0.9 mm

  Animal groups (reoperation)   Initial diameter of the portal vein (mm)   Vein constriction rate (%)
  ----------------------------- ------------------------------------------ ----------------------------
  2 (15 days)                   2,5                                        64,0
  2,0                           55,0                                       
  1,9                           52,63                                      
  2,3                           60,87                                      
  1,6                           43,75                                      
  3 (30 days)                   1,9                                        52,63
  2,2                           59,09                                      
  2,0                           55,0                                       
  2,3                           60,87                                      
  2,0                           55,0                                       
  Mean value                    2,06                                       55,88

No significant macroscopic differences were found among the animals that were reoperated after 15 days (group 2) or after 30 days (group 3), and the 15^th^ day was considered enough for the evaluation on the impact of partial portal vein ligature. When the initial diameter of the vein and the rate of constriction performed in group 2 with the ones in group 3 were compared, these numbers were not statistically significant (p\>0.05).

DISCUSSION
==========

The experimental model of partial ligature of the rats\' portal vein was developed by Sikuler et al. in 1985^[@r12]^. The clinical correlation of the importance of these studies can be done with a lower age range patients, considering that most of the cases of portal hypertension in children are due to portal vein thrombosis, often a result of manipulation, for therapeutic purposes in the neonatal period, on the vessels of the umbilical cord^[@r05]^; the diameter of the portal vein in humans can be assessed with ultrasound and Doppler effect^[@r15]^.

Wen et al.^[@r14]^ estimated a deviation of approximately 95% of the portal blood flow when the partial ligature of the rat\'s portal vein is performed, with venous dilations in the mesenteric vein appearing two weeks after this ligature. This paper found significant dilatation of the superior mesenteric vein and its tributaries, both two and four weeks after the constriction of the portal vein diameter, as well as numerous dilated, congested and tortuous vessels were observed throughout the peritoneal cavity, mesentery, omentum and abdominal wall of studied animals.

The increased portal pressure can be obtained by the partial constriction of the vessel and the increased resistance to blood flow in the portal vein^[@r13]^. Considering an average diameter of 2 mm in the portal vein of the studied animals - a value close to that was described in the literature^[@r14]^-, and with the diameter of 0.9 mm 22 G fluoretilenpropilen catheter used in this experiment, was possible to use the mathematical formula that defines the vein constriction rate (1 - r^2^ π / π R^2^) x 100%^[@r04]^. For this vein diameter (2 mm), with this catheter, was able to reduce 55% on average the portal vein internal diameter, a reduction that produces an immediate increase in portal pressure estimated at four times the base value, such pressure stabilizes itself after two weeks in approximately twice the basal value and remains stable even in the period which it has already developed the dilation of the tributary ones. When catheters with a 1 mm diameter are used, the animal mortality is low, but the portal pressure alterations are small and do not properly contribute to the experimental model^[@r14]^. In only one of the animals, in group 2, which had the smallest diameter of all the veins evaluated (1.6 mm), the constriction was lower than 50% of the diameter (43.75%), but even with this constriction rate the portal hypertension could be detected after 15 days of the initial operation.

The percentage of volume reduction of the portal vein is important, since its complete ligature prevents the animal from surviving^[@r14]^. This study showed an acceptable mortality and even knowing that the complete obstruction would be incompatible with survival, was evaluated whether the vein was pervious in reoperation, counting on a possible thrombosis after the establishment of collateral circulation. All the animals that completed the study period had an adequate portal blood flow. Wen et al.^[@r14]^, using a 0.7 mm diameter catheter (24G) reached a mortality rate of 80%. When smaller diameters were used, all rats died. The mortality rate dropped between 20 and 30% when 0.8 mm (21G) catheters were used, corresponding to an approximate decrease on the diameter of the vein of about 88.9%. In this study, with a 0.9 mm catheter (22G) and an approximate reduction of 55% on the portal vein, were obtained satisfactory results.

Concerning the technique of the partial portal vein ligature, there are also some options described^[@r06]^. Fabián et al.^[@r04]^ and Méndez-López et al.^[@r08]^, described a tactic to increase the constriction of this vein, and thus the initial resistance to blood flow, which uses three equidistant ligatures, considering this option more effective than a single ligature, enhancing the development of the collateral circulation. The use of an aneroid constrictor was also described^[@r03],[@r14]^. This study showed that a single ligature is effective and can be applied close to the hepatic hilum, above the confluence of the superior mesenteric vein with the splenic vein. The single ligature in this experiment succeeded in developing an exuberant collateral circulation. During the pilot project, was used an aneroid constrictor made ​​from a fragment of a 22G catheter, used to involve the portal vein and provide support to the knot, but such option proved technically difficult and unnecessary, since a single surgical knot achieved the expected results.

Among the various factors that interfere with the increased resistance of the portal venous system, the main one is the rate of the vein constriction, but the thickness of the thread is also important. Wen et al.^[@r14]^ used various calibers of silk thread and opted for the 4-0 one, considering that with thinner threads the experimental model remained unstable and portal pressure low. Using very thin threads, these authors reported difficulty performing the knot, especially in small caliber veins, with approximate 1 mm of diameter. The strength of the knot must also be considered: if too tight, they can damage the vein with consequent thrombosis and if very loose, they may compromise the result of the experiment. Was consider essential to standardize the dissection of all tissues, isolating only the portal vein from the hepatic hilum structures; was used silk thread 6-0 for ophthalmic purposes, quite suitable for the delicacy required to adequately perform the experiment and was standardized, as best as possible, the tension of the knot, which was enough to adjust the vessel diameter to the catheter diameter and to the speed of the maneuver, in order to avoid prolonging complete obstruction of blood circulation. Was performed a single surgical knot and quickly removed the catheter to reestablish the flow through the constriction point of the vein. During the pilot project of this study was tried the polypropylene thread 5-0, but the results were not satisfactory at all, with the death of all the animals, attributed to a possible injury to the endothelium vein by the thread and thrombosis with loss of the animal after the operation. The difficulty in making the knot with this type of thread must also be considered, once the knot adjustment to the catheter requires more tensile force to be applied by the surgeon. The technical difficulties represented by the delicacy of the dissected structures also justify the use of thin threads, which in this experiment affected the results.

The return of portal pressure to normal values in this experimental model was described in the late 1970s^[@r11]^, but such controversy was been denied in recent studies, which confirmed the stability of this pressure near twice the normal amount for prolonged periods^[@r06],[@r14]^, as well as the possibility to reverse this model if the constriction of the portal vein is undone, with the disappearance of the collateral circulation in most animals^[@r09]^.

It is considered that this experiment does not significantly compromise liver function^[@r02],[@r14]^. Marques et al.^[@r07]^ showed that there were no changes in the histological aspect and the activity of enzymes indicative of liver damage, but there is a temporary reduction in the liver metabolism, without further hepatocellular damage.

CONCLUSIONS
===========

The pre-hepatic portal hypertension in rats can be induced by a reduction of the vein caliber to 0.9 mm in diameter, regardless the vein initial diameter as well as the constriction rate to which this vessel was subjected.
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